Abstract. The normal adhesive contact between a pair of asperities is performed using molecular dynamics. To simplify the problem, the equivalent contact problem of sphere-plane interaction is solved. Displacements in the contact zone are very small compared to the asperity size, therefore, the computational model is focused on the neighborhood of the contact area. The adhesion between the asperity and the plane is calculated as a sum of interactions between atoms of the asperity and the plane. A computational experiment of pull-on and pull-off is carried out to study the influence of the adhesion on the formation of the contact forces and deformations. The numerical results are compared with theoretical predictions.
Introduction
The adhesive forces between fine particles play an important role in the mechanical behavior of cohesive powders. The fine granular materials with the constituent particle size in the range of 1-100 µm have a decisive importance in many industrial processes such as flow, compression, aggregation, dispersion, mixing, etc. Mechanical properties of the powder particles and the nature of the contacts between them are the keys to understand the mechanical behavior of fine cohesive powders. However these properties are not well known. Many factors such as geometry and size-distribution of particles, effects of the boundaries, and influence of external forces contribute to rise the complexity of the problem. The first stage to study these systems is to understand on the one hand the physics of a single contact and on the other hand the dynamics of a multi-contact system that implements features of the single contact. In this work, we will focus our attention on how a single adhesive contact can be modelled using direct numerical simulations. Different theories have been developed to understand a single normal elastic adhesive contact between spherical bodies [1] [2] [3] [4] . In this work, a Molecular Dynamics technique is applied to study normal contacts between the powder particles, and the computational results are compared with the theoretical predictions of the Maugis-Pollock (MP) model [5] , which is based on the description of the plastic yield of the material in the contact zone.
Modelling of the Asperity Surface
For the powder particles the effective area of contact is given by the contact between small asperities [6, 7] . Therefore, to model the contacts between the powder particles a numerical model for the asperity is needed. Below we will describe the main features and parameters of this model. A representative value for the asperity radius is R asp 0.1 µm.
First, the appropriate computational model of the material is required possessing the same main mechanical properties (Young's modulus, Poisson's coefficient, and the ultimate strength) as the real material. As the material reference we have used polystyrene -a typical polymer material used in cohesive powder particles. Using molecular dynamics approach, this material can be represented as an amorphous ensemble of atoms interacting via an empirical potential. Parameters of this potential can be adjusted using uniaxial compression tests. In [8] it was shown that using the Lennard-Jones potential
with the values of parameters listed in Table 1 gives a computer material with the mechanical properties close to polystyrene (see Table 2 ). We considered T = 10 −3 D/K B 0.3 K (T is the temperature, D the bond energy and K B the Boltzmann's constant). Using this condition of low temperature, the computational tests of compression/tension provide the closest values of the theoretical elastic modulii (where temperature is not taken into account). Another consideration to use a low T is that actually we do not want include thermal effects because they can hide the purely mechanical ones (for example: a dilatation decreases the Young's modulus). In real pull-on/pull-off experiments with micron-sized particles the temperature has not any influence, because thermal effects are negligible in quasi-static contact interaction. Second, a sphere formed from the computer material is prepared. The radius of the sphere is equal to the average radius of asperity. Since the contact zone is much smaller than the size of the asperity, only a section of the prepared sphere was used in the computer experiments (see Figure 1) . To simplify the computer experiment, the equivalent contact problem of sphere-plane interaction has been consid- 
